Modulation of zinc toxicity by tissue plasminogen activator.
The tissue plasminogen activator (tPA)-plasmin proteolytic system mediates excitotoxin-induced neurodegeneration in vivo and in cell culture. tPA also confers neuroprotection from zinc toxicity in cell culture through a proteolysis-independent mechanism. This raises two questions: what is this non-enzymatic mechanism, and why tPA does not synergize with zinc to promote neuronal cell death? We show here that zinc binds to tPA and inhibits its activity in a dose-dependent fashion, thus terminating its protease-dependent neurotoxic capacity. We extend the previously reported culture findings to demonstrate that elevated zinc is neurotoxic in vivo, and even more so when tPA is absent. Thus, physiological levels of tPA confer protection from elevated free zinc. Mechanistically, tPA promotes movement of zinc into hippocampal neuron cells through voltage-sensitive Ca(2+) channels and Ca(2+)-permeable AMPA/KA channels. Therefore, zinc and tPA each appear to be able to limit the potential of the other to facilitate neurodegeneration, a reciprocal set of actions that may be critical in the hippocampus where tPA is secreted during the nonpathological conditions of learning and memory at sites known to be repositories of free and sequestered zinc.